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 1
Calculating Coefficients in the Partial Fraction Decomposition 
 
Noé Ricardo Arellano Velázquez 
 
There are several methods of calculating the unknown coefficients appearing in the partial 
fraction expansion of a fraction of two polynomials. This paper shows how to derive a method 
based on standard results from the theory of complex variables, namely, the Cauchy-Goursat 






zPzf = with )(zP and )(zQ  polynomials of degrees m and n respectively and with 
m < n. We first consider the case when )(zQ has a real root of multiplicity r. 
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where the Lk’s, k=1 ,2,....r are unknown constants and H(z) is the remaining part of the 
expansion. 
 
Assume Q(z)= zn +bn-1zn-1  +.....+b1z + b0   (there is no loss of generality assuming the coefficient 
of  zn  as one).  From (1) we obtain  
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Now assume that  L1 through Lk have been defined.  If we take the terms in (2) involving L1 
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Now assume C is  a simple closed curve containing az =  in its interior, but no other root of  Q(z) 







































                                    (7)                   
Since the integrands of the second and third integrals on the right side of (7) are analytic 
functions on and inside the curve C, these integrals are zero by the Cauchy-Goursat theorem. 
 
Applying the Cauchy integral formula  
 





1)( π                                                                                                                    (8) 
to the first integral on the right hand side and the deriviative form of the Cauchy integral formula 
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 k=1, 2, ..., r-1 
 









aPL =  has already been determined. 
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 Since we already know L1 and L2, we can calculate L3. Continuing in this manner allows us to 
find the remaining coefficients L4 through Lr . 
 
 
 II.-Case of irreducible quadratic forms. 
 
 In the case where  Q(z) has an irreducible quadratic term in its factoriztion, the partial fraction 
decomposition would appear as we write the expression z2 +bz +c which contains the complex 
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Where the Ak ‘s , Bk ‘s, b and c are real numbers and J(z) is the remaining terms in the 
decomposition. Furthermore assume the irreducible term can be factored as 
 
))(( *2 azazcbzz −−=++                                                                                                         (17) 
 
 4























zQzU ++=        and                                                                                                   (19) 
 
)()()()( * zJzUazzG ν−=                                                                                                           (20) 
  
 Letting az = in (18), we have 
 
)U(
)P(BA     and     ))(()( 1111 a
aaBaAaUaP =++=                                                                     (21) 
 
Since the right side is a complex number as well, equating the corresponding real and imaginary 
parts we get two equations which can be used to determine A1 and B1.   
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 If we define  
 
∑ ++ +−−= )()()()()( 11* kkkk BzAazazzUzF                                                                           (25) 
 5























*)()(   }|)]Bz(A )[(
)!(
!)({)(                             (26) 
 










−=+ ++                                                                                                (27) 
 
  m=1, 2, 3, ...., ν-1. 
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